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Outline
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® The Fermilab accelerator complex @ First results
® The CDF II detector ¢ A few appetizers
¢ Tracking, particle ID ® Summary

¢ Data acquisition and trigger

® Goals for Run II
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. Fermilab Accelerator Complex #

Fermi National Accelerator Laboratory: commissioned in 1967,
operated by the Universities Research Association under contract of US-DOE

® Fermilab Tevatron B

¢  Superconducting proton-
antiproton collider

¢ R=1km,E_=1TeV,B = 4.5T * Booster
¢ 36 colliding p and pbar bunches RN A T
¢ NOO0'" (NO0") p (pbar) per bunch | N Tevatron
® “RunI”1992-1996: Discovery of /v '-T'%;-'-E*.., ——ma T
the top quark (1995) - penutce i Y
P [ Main Injector

' ; dR |
® Goal: A high beam-beam crossing R R ECY CIEL

rate but with <N> ~ 1 collisions : g RSE T e
per crossing (expect 1-10) =

—
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Why Collide Hadrons?

FJE
L. J

Emphasis on maximum energy = maximum reach for new discoveries
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® Advantages

¢

Accelerating protons to
high energies is easy

® Disadvantages

¢

Creating/storing
antiprotons is
complicated

Or, collide p-p at the
cost of a second ring

Quarks and gluons are
strongly interacting —
collisions are messy
(but broad range of
energies!)
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Hadron-Hadron Collision

het

® Parton distributions: a hadron
collider is really a broad band
quark and gluon collider

x0(x)
0.6

parton
distribution

Underlying
event

Hard scattering

parton
distribution

® Initial and final state can radiate gluons fragmentation

Jet

® Underlying event from proton remnants
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Hadron Collider Variables #

® The incoming parton momenta are unknown, and usually the beam particle
remnants escape down the beampipe

¢ Longitudinal motion of the centre of mass cannot be reconstructed

n=0 (=90°)

n=-1 n=1 (~40°)

e N=2 (~15°)
A T — n=3 (~6°)

® Focus on transverse variables

¢ “Transverse energy” E_= E sin 0 (=p_ if mass=0)

® And longitudinally boost-invariant quantities
¢ Pseudorapidity n = -log (tan 6/2) (=rapidity y if mass=0)

¢ Particle production typically scales per unit rapidity

Arnd Meyer (Fermilab) February 10, 2003 Page 8
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Time-of-Flight

_

Central Calor \
'

_.--"""‘_FF
=

Plug Calor.
Drift Chamber

Miniplug

Front End Electronics

Triggers / DAQ (pipelined)
Online & Offline Software

Silicon Microstrip
Tracker
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® New Detector & Electronics

¢ Smaller cell size (4x # of cells),
max drift distance =~ 1cm

¢ 100ns maximum drift time with
fast gas (Ar-Et-CF, 50:35:15)

¢ 8 superlayers x 12 wires = 96
space points; 30240 sense wires

40<r<140cm, hit resolution ~175um / 7

Measured single track efficiency
100% for high p_isolated tracks

315 multi-hit TDC boards in 20 crates, 1ns resolution
96 channels per board

On-board trigger/DAQ buffering, DSP for hit
processing

k -

Also used in other systems, total =~ 500 boards

‘\FT TDC Mezzanine module

Arnd Meyer (Fermilab) February 10, 2003 Page 13



PID: Time-of-Flight Detector

FJE
L. J

Particle ID is a typical weak point of doing heavy el
quark physics at a hadron collider! e
Solenaid Coil /
TOF scintillator bars > - &
216 x 2 PMT channels at R=1.4m ~ _— -
100ps timing resolution (125ps achieved) Outer | (e
Tracker ! a R
I o Calorim eter
L] : E
Tag low pt Kaons in ¢ — KK = 2 |
| o e
[ p(K)<1.5 GeV/c (no PID) | z
] I e 1o CDF Time-of-Flight : Tevatron store 860 - 12/23/2001
2 = 19 - s =
%000— o TRy Spa | l
Q r 0]
S10001- S
L [ p,(K)<1.5 GeV/c + PID N
S/N ~1/40| | ; = P
— : | Ldt=1.5pb g
L N 8 L At/c <3 0
1000— Nl 8 400 S/N - ]_ / 2
L E | 0. K
IO.I.%'I ‘O.IQBI | ‘1 . ‘1.‘02I I 300—
. A“LLJ‘HHLJHJJUL 048
oo— e '
| N(©) = 1942+ 93 0. T
N(bkg) = 4517
100—
r 0 0.5 1 1.5 2
o [ ) N YO O SO SN M [N TN N S S T B N S
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DAQ, Trigger, Electronics #

Almost completely replaced to Cretos

spacing (132 ns) and to handle ... o B B RS B A RS B R B R RS B Y R R
higher data volume and rate swieh sy
One of the biggest upgrade Levels

PC-Farm

projects for CDF

Unique triggering capabilities for
B thSiCS Consumer Server Data Logger

Data Logger Disks

Front-end and trigger electronics are housed in ~125 VIPA VME crates, 21 slots
9U x 400mm. ~ Half on detector, ~ half in counting rooms

¢ Over 1700 main modules of about 60 types (+ >400 spares)
¢ Over 1000 transition (I/0) modules of about 25 types
¢ 60 - 6U Eurocard crates with >700 modules for Showermax readout and clock system

¢ Over 25000 daughter boards

Arnd Meyer (Fermilab) February 10, 2003 Page 15



Trigger Overview #

® level 1 (5.5us latency) : Dataflow of CDF "Deadtimeless”
Trigger and DAQ

¢  Every front-end system stores data for

42 crossings .
7.6 MHz Crossing rate

132 ns clock cycle

¢ “Hardware trigger”
¢ 50kHz accept rate (currently 12kHz)

¢ On L1 accept, data is stored in one of L1 storage = Levalt.
four L2 buffers. Si readout starts. Pleline: % L trigger | 71z Synchronous pipetine
® Level 2 (asynchronous): Cycles Deep % <50 kHz Accept rate
¢ Nominal 20us decision time v. Lt Accept
¢ “Mostly hardware” trigger J ¢ Level 2

. . L2 Buffers: Asynchronous 2 stage pipeline
) i ~20us latenc
¢ Trigger algorithms run on custom 4 Events L2trigger | 2 isency
Alpha boards (up to 4)

300Hz accept rate (—» 1kHz)
Event readout starts on L2A DAQ Buffers

® Level 3:
¢ =~ 250 dual-CPU Linux boxes

L2 Accept

L1+L2 rejection: 10,000:1

~ 75Hz, 20MB/sec

® “Deadtimeless”: DT only incurred
when all L2 or DAQ buffers are full

Arnd Meyer (Fermilab) February 10, 2003 Page 16



Tracks per 17um bin

16060

800

600

400

L.2: Silicon Vertex Tracker

Major rate reduction at L2 from revolutionary displaced vertex trigger (SVT)

Seeded by L1 (drift chamber, eXtremely Fast Tracker) tracks, ~150 VME boards
find and fit Silicon tracks, with offline accuracy, in a 15us pipeline

Many important physics signatures involve b quarks: Higgs searches, top studies

. . 0 + -
Allows purely hadronic B trigger, e.g. B - 7', B~ D

SVT Impact Parameter distribution

Online
| track
- impact

"!

c =48 mm (includes 33pum beam spot)

0 =48 um
(incl.
~33um
beamspot)

Arnd Meyer (Fermilab)
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e’ isplaced
Vertex

Online fit and
subtraction of
beamline!

0.1 E

TTTTT 7]

0 1 2 3 4 3 6 7



Charm Production

FJE
L. J

® Accumulating large amounts of charm final states through hadronic “B” trigger

L=57pb"

¢ L1: >2 XFT tracks, p_ > 1.5 GeV
¢ L2: >2 SVT tracks, p,> 2.0 GeV, d0 > 120um
No lepton was harmed in the making of these plots!
CDF Runll Preliminary L=9.6 pb” . —
) -D° > Kn " g "D — Knn 1y
0 5000 —Nor = 96320 + 490 2 25001 N,,. = 25570 + 160
o - N
§_4oool & 2000
n - .E’- L
[= - c -
2 3000 2 1500
i, i w i
2000/~ 1000
1000~ 500/
- - CDF Run 2 Preliminary
P78 18 182 184 186 188 19 192 194 O s ies i e a8 s isa

Arnd Meyer (Fermilab)
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186 188 19 1.92 1.94

Knn Mass [GeV/c’]
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® Two main goals
¢ Find the Higgs

— 50 discovery seems possible for low mass

Higgs

—  Exclusion up to 180GeV with ~10 fb™

¢ Direct evidence of something beyond the
Standard Model, e.g. SUSY partners
® Precision top / electroweak measurements
+ E.g. Higgs Bounds from m and m
¢ m = 174.1 +5.1 GeV (Run I CDF+DO comb.
~ *4 (Run 2a) / +2 (Run 2b) GeV

¢ m = 80.452 + 0.062 GeV

—» +35(Run 2a) / =20 (Run 2b) MeV

® B physics

¢ CKM matrix and CP violation, B mixing

® ... as well as more exotic fare

¢ Large extra dimensions, mini black holes

Arnd Meyer (Fermilab)

).

integrated luminosity /expt. (fb™
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o
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6
|5 B Acy) =
] E : — 0.02761+0.00036
1 = ---- 0.02747+0.00012
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q ] LEFP BWWG' 2002
2 _ —
0 Excluded N-. Preliminary
. e :
20 100 400

my, [GeV]
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' I ' I ' [ ' I

— 95% CL Iimit
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—— Do discovery
| | | | |
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180 200
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Towards Top #

" VIET|= 40 GeV/
Top
candidate

event

® Expect preliminary measurements of tt cross section by Spring 2003
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Peak Luminosity

April 1, 2001

Collider Run IlA Peak Luminosity
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Presently starting up
after 4 weeks
shutdown

Rl
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het

Summary

® More than six years after the end of Run I, CDF can show the first physics
results from Run II

¢  Masses, lifetimes, branching ratios etc. from b- and c-mesons
¢ W, Z cross sections
o
® After a slow startup, accelerator is beginning to show its potential

¢ Recent performance improvements are encouraging - many problems have been
identified and are being addressed, like bad transfer efficiencies, long range beam-
beam effects in the Tevatron, large transverse emittance in the Accumulator, ...

® Early results also made possible by detector upgrades that allow previously
impossible measurements

¢  Prime example: hadronic B trigger. Tevatron+CDF provide an excellent charm factory.

® Exciting results will come out of the Tevatron experiments during the next 5
years

Arnd Meyer (Fermilab) February 10, 2003 Page 26



het

Hadron Collider Jargon

® Really colliding partons: qg, qq, g8

¢

q can be a valence (u,d) or sea quark (...,s,c,b,...)

® Momenta given by Parton Distribution Functions (PDF's)

¢

¢

¢

p, = transverse momentum must balance
p, = longitudinal momentum (along the beam) unknown

Coordinates (1, n, ¢) with n = - In(tan(6/2))

(pseudorapidity) Broadband: Production

of particle states with cm

energies from a few up to
100's of GeV

Distributions dN/dn invariant under boosts in z

'

D

U/

@O
Ny

{

9,
Y
\
@)

©
Y
A
7

0.001 0.01 0.1
X
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“Minimum Bias” vs. Hard Collisions #

“Minimum Bias’ Quark-Antiquark-Annihilation

@@

Vast majority of collisions, Example: top quark pair production

but not interesting...
Arnd Meyer (Fermilab) February 10, 2003 Page 28



het

Hadron Collider Detectors

Muon detectors

Hadron calorimeter

Electromagnetic
salorimeter

Solenoid

s ilictjn Drift
Dete g to yhamber

generic (u,d,s) jet

Arnd Meyer (Fermilab) February 10, 2003 Page 29



Higgs Production #

a{pp —> H + X) [pbl

10 s = 2 TeW -.'.‘ .
. & M Associated
S N production

o R Gluon fusion el
10 I
1o I
80 100 120 140 160 180 200

My (GeV /)

¢ gg— H dominates over all mass ranges
—  Difficult to trigger and reconstruct; swamped by QCD dijet production

¢ Main channel will be associated production, where the gauge boson
can be used as a trigger

Arnd Meyer (Fermilab) February 10, 2003 Page 30



Higgs Boson Decay #

® M,<135 GeV (Low mass Higgs)

¢ H — bbar with associated

production mode is the most
promising. The double b-tagging
together with the signature of the
additional boson helps to
discriminate from the background.

® M,>135 GeV (High mass Higgs)

80 100 120 140 160 180 200 ¢  Exploit gluon fusion, and
Higgs Mass (GeV) reconstruct the two gauge bosons

® In general, luminosity is critical
® Plus, we haven't even started to build the detector to go well above 2 fb™
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CDF Run II B Physics Goals #

“High profile” analyses

® (P violation (oh well...) By — TI:+TI:_

¢ Improved measurement of

sin(2@) in B - J/y K°: = 20000 Y p
events in 2 fb™ 1 p
a(sin2B) ~ 0.05 Bq— JV K
® B mixing in By -~ D 1t"/D 1T TUTT, ® Measurement of y in B%, - 71" 1T and
sensitivity up to about BY, - K*K-decays

Xg = 60 (=75000 events) ¢  Use of both decays reduces the

Xs =~ 30 in semileptonic decays influence of penguins

(Xs= Amg/ T

¢ Assuming S/B = %2 and Am, = 30 ps™!
events: 5000 (1t'1t) / 10000 (K*K)

o(y) = 7°
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Why B Physics at the Tevatron? #

® Huge cross section

¢ o(ppbar — bbar) ~ 150 yub atVs = 2 TeV (15 kHz at L. = 10**cm™s™)
50 ub for |n|<1

¢ o(e'e - bbar) ~ 7nb atZ°
¢ o(e'e - bbar) ~ 1nb atY(4S)
® Produce bottom mesons with all flavor combinations as well as bottom baryons

¢ B,A,Z,..nocompetition from B factories

® Multipurpose detector capable of reconstructing many B final states
¢ Very large tracking volume

® DAQ / trigger / particle ID are tailored for B physics!
¢ Up to 50kHz Level 1 accept rate!
¢ Trigger on displaced vertices at Level 2

¢ Time-of-Flight detector for K tagging
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Search for n, (new Run I result) #

® Lightest member of the Bottomonium family - good chance to be discovered
early in Run II

Most promising decay mode is to J/y J/y
Run I: found a 2.2 o (1.5%) excess, using uuu+track search strategy

® Lower trigger threshold and improved acceptance will help in Run II

| J T T(4S)

. Run 1 SVX ».J/'QZ/ %g;,u Data \S\ 106 |- T\7o) -~ hy(3P) Xel9P) . 2 M_B_ ______
g Y E > L
X 45 F CDF Preliminary . T(3S)
A e TIp,< 1.8 GeV/c O, 104 = s
= 4 . ~ 2P
o 35 [ $ - %(2P)
X 3 E o 10.2 |- T(1D)
; e —_
. i 7(25)
¢ 2y V J Nl 10 . (1)

15 B Xo

1B o —

st LLULL L LML, ) ®= T chserved soes

9 9.1 92 93 94 95 96 97 98 98 10

CeV/c? 9.6 -
m{isss)

9.4 —
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